Objective: Endoscopic procedures are becoming common in middle ear surgery. Inflammation due to chronic ear disease can cause bony erosion of the carotid artery and Fallopian canals, making them more vulnerable during surgery. The objective of this study was to determine whether or not chronic ear disease increases dehiscence of the carotid artery and Fallopian canals. Design: Comparative human temporal bone study. Setting: Otopathology laboratory. Participants: We selected 78 temporal bones from 55 deceased donors with chronic otitis media or cholesteatoma and then compared those two groups with a control group of 27 temporal bones from 19 deceased donors with no middle ear disease. Main outcome measures: We analysed the middle ear, carotid artery canal and Fallopian canal, looking for signs of dehiscence of its bony coverage, using light microscopy.
Introduction
The internal carotid artery (ICA) is one of the largest blood vessels neighbouring the middle ear cavity. As it climbs through the petrous bone, it passes the middle ear cavity and cochlea anteriorly and then bends to run medially to the Eustachian tube 1, 2 (Fig. 1 ). Previous studies have reported dehiscence of the carotid artery canal in 4.9%-35.2% of human temporal bones with no middle ear disease. [3] [4] [5] In patients with dehiscence of the carotid artery canal, middle ear procedures such as tympanostomies can cause devastating complications, including massive haemorrhage. [6] [7] [8] The facial nerve (FN) is important for both communication and expression, and impairment of its function may affect the quality of life. After entering the internal acoustic canal, the FN goes into the Fallopian canal, passing through the labyrinthine, tympanic and mastoid segments towards the stylomastoid foramen. 9 The prevalence of dehiscence in the Fallopian canal is reported to range from 25% to 57%. 10 Baxter et al. 11 , during operative observations, found that 91% of the tympanic segment of the FN was dehiscent. Thus, procedures performed in the middle ear cleft could potentially traumatise the FN at this site of dehiscence.
Endoscopic approaches to the middle ear have become popular. But serious complications can occur, given the close proximity of the ICA to the tympanic membrane. 6, 7, 12 In mastoid surgery, variations in vascular structures related to the temporal bone can lead to severe complications during middle ear or skull base surgery, including trauma to the ICA, the jugular bulb or the sigmoid sinus. 13 Therefore, to avoid damage to those structures, preoperative measurements of surgical landmarks are important.
14 Dehiscence of the carotid artery and Fallopian canals increases the risk of complications during otologic surgery via the transcanal, posterior or endoscopic approach.
Chronic ear disease is usually associated with persistent inflammatory response. 15 Many patients have viral or bacterial infections that lead to the production of several cytokines, such as tumour necrosis factor-alpha (TNF-a), interleukin (IL)-1b, IL-6 and IL-8, all known to have nonspecific and proinflammatory activity 15 as well as the potential to damage the bony structures of the middle ear. 16 No studies, to the best of our knowledge, have described the incidence and location of ICA and Fallopian canal dehiscence in patients with chronic middle ear disease. In this study, we investigated the dehiscence of the carotid artery and Fallopian canals in temporal bones with chronic middle ear disease compared to non-diseased control group.
Materials and methods

Ethical considerations
The Institutional Review Board of the University of Minnesota approved this study (0206M26181).
Specimens
We obtained human temporal bones from the Otopathology Laboratory, part of the Department of Otolaryngology at the University of Minnesota. Immediately after removal, the temporal bones were placed in 10% buffered formalin. They were then decalcified, embedded in celloidin and sectioned at a thickness of 20 lm. Every 10th section was stained with haematoxylin and eosin for histologic study under light microscope at various magnifications.
We selected eight temporal bones from seven deceased donors with cholesteatoma, four bones from males and four from females, with the mean age of 62.5 AE 29.56 years (range, 7-86 years). We also selected 70 temporal bones from 47 donors with chronic otitis media without cholesteatoma (COM), 50 bones from males and 20 from females, with the mean age of 52 AE 31.75 years (range, 6 months to 93 years). COM group is defined as temporal bones with any sign of chronic inflammatory changes in the middle ear cleft, such as granulation tissue, cholesterol granuloma, fibrosis or fibrocystic structures. For our control group, we included 27 temporal bones from 19 donors with no history of chronic ear disease, 17 bones from males and 10 from females, with the mean age of 47 AE 26.54 years (range, 1-88 years).
We excluded temporal bones with a history of otologic surgery (such as mastoidectomy), congenital malformation of the middle ear, temporal bone fractures, Paget disease, otosclerosis, congenital cholesteatoma, irradiation of the head and neck or leukaemia, because all of those conditions could cause changes of the bone covering the ICA or FN in the middle ear. We reviewed all clinical records for any history of past ear disease (such as acute otitis media).
For all three groups (cholesteatoma, COM and controls), we excluded any temporal bones with removal and fixation artefacts, and neoplastic tissue infiltration. In addition, we also scrutinised the contralateral ears from deceased donors with cholesteatoma or COM. 
Analysis of dehiscence
Carotid artery canal and fallopian canal. Using light microscopy, we analysed temporal bones for any dehiscence or microdehiscence in the bony wall covering of the ICA canal. We analysed every stained slide from the tensor tympani tendon until the lowest section available. We defined dehiscence as a lack of continuity in the bony wall; we defined microdehiscence as a small gap in the bony covering filled with connective tissue. 3 We considered the size of the dehiscence of the carotid artery canal as clinically relevant when it was larger than 3 mm, because most endoscopes used for middle ear surgery have a diameter of this size; 17 however, we highlight that serious complications can also occur, due to the proximity of the ICA to the tympanic membrane, during any middle ear procedure. We documented the location of dehiscence in the bony covering of the ICA, the presence of any inflammatory cells and remodelling of bone by osteoblasts or osteoclasts (bony erosion). We defined dehiscence of the Fallopian canal as a lack of its bony covering along the entire tympanic segment of the FN and noted dehiscence of the bone of any size.
We measured the thickness of the bone that covers the carotid artery canal and the size of dehiscence using a Nikon Eclipse E400 system equipped with measurement software (NIS-Elements BR 4.30.01 64-bit, Nikon, Japan). The measurement point we used was the distance of the bone covering the ICA canal, just below the tensor tympani muscle canal. This point was obtained from an acute angle formed by a straight line crossing the external auditory canal and touching the anterior annulus of the tympanic membrane and then ending at the carotid artery canal. We considered this measurement to best mimic the placement of the endoscope (Fig. 2) .
Statistical analysis
We calculated and compared the relative risk among the three groups for dehiscence of both the ICA and Fallopian canals. In addition, to calculate and compare the narrowest bony coverage of the carotid artery canal, and the length of dehiscence, we used the Mann-Whitney U-test. For these analyses, we used SPSS 23.0 software for Windows (SPSS Inc., Chicago, IL). Findings were considered statistically significant when P values were less than 0.05.
Results
Our final groups comprised of eight temporal bones from seven donors with cholesteatoma and 70 temporal bones In seven (87.5%) of the eight temporal bones with cholesteatoma, we observed dehiscence of the ICA canal. All eight bones had signs of acute inflammation and erosion close to the dehiscent bone covering the carotid artery canal. All eight bones also showed signs of chronic inflammatory changes and bony erosion at the anterior portion of the middle ear. The location of dehiscence was close to the promontory in three (42.85%) of the bones, close to the Eustachian tube in four (57.15%), and five (62.5%) of them had dehiscence in the Fallopian canal.
In 51 (72.85%) of the 70 temporal bones with COM, we observed dehiscence of the ICA canal. However, 52 of the bones in the COM group showed signs of inflammation, and 50 had bony erosion. In almost 50% of the bones, dehiscence was close to the promontory. Fallopian canal dehiscence was found in 40 (57.14%) of 70 temporal bones.
In 14 (51.85%) of the 27 temporal bones in the control group, we observed dehiscence of the ICA canal in the middle ear; six of them had signs of erosion of the ear's bony coverage. Yet, only three (11.11%) of the 27 temporal bones in the control group had dehiscence over the Fallopian canal. None of the 19 deceased donors in the control group had signs of effusion in the middle ear (Fig. 3) . In reviewing their clinical histories, we found that 11 had no history of ear infections, three had a history of diabetes and four had a history of renal disease.
The relative risk of dehiscence of the carotid artery canal in the cholesteatoma group was 1.6875 times higher than in the control group (95% confidence interval [CI], 1.0781-2.6413, P = 0.0221). The relative risk of dehiscence in the COM group was 1.4051 times higher than in the control group (CI, 0.9508-2.0765, P = 0.0879). The relative risk of the Fallopian canal dehiscence in the cholesteatoma group was 5.6250 times higher than in the control group (CI, 1.7039-18.5697, P = 0.0046). The relative risk of Fallopian canal dehiscence in the COM group was 5.1429 times higher than in the control group (CI, 1.7360-15.2353, P = 0.0031).
We found dehiscence of the ICA canal larger than 3 mm in the middle ear in one (12.5%) of the eight temporal bones in the cholesteatoma group, six (8.57%) of the 70 bones in the COM group and two (7.41%) of the 27 bones in the control group. The presence and size of dehiscence of the carotid artery and Fallopian canals are summarised in Table 1 . Table 2 highlights the incidence of dehiscence among the three groups by age (i.e. donors who were younger than 18 years vs. those who were at least 18 years old). Although we observed a difference in the incidence of dehiscence in the ICA canal between age groups, this difference was not statistically significant.
We also analysed six contralateral ears from deceased donors with cholesteatoma (one bone) or COM (five bones).
All of the contralateral ears showed no signs of middle ear disease but only one (16.67%) of them had dehiscence in the ICA canal. None of them had any signs of erosion in the carotid artery canal, and only one ear had erosion in the Fallopian canal.
Discussion
Synopsis of new findings
In our study, we found an increased incidence and size of dehiscence in the ICA canal in temporal bones with chronic middle ear disease (as compared with non-diseased ears). Also, we found a significant increase in dehiscence of the Fallopian canal. Both the presence and duration of inflammation in the middle ear cleft appear to play a major role in the increased risk of the dehiscence in the ICA and Fallopian canals.
Strengths of the study COM and cholesteatoma are both associated with a higher incidence of dehiscence in the ICA and Fallopian canals. Many studies have shown this association radiologically or by surgical observations; nevertheless, to our knowledge, this is the first histopathologic study to report these findings. In addition, the previous studies published in this matter reported the incidence of dehiscence of these structures in normal temporal bones, without including patients with middle ear disease. It is important to mention that the number of temporal bones with cholesteatoma is low; therefore, our analysis could be naturally inflated.
Comparisons with other studies
Endoscopic techniques allow enhanced exposure of the operative field (reducing the need for drilling) and adequate passage of light (enhancing intraoperative visualisation). But a few safety concerns must be kept in mind. The tip of the endoscope can become excessively hot, especially when a xenon light source is used, and accidental movement of the tip of the endoscope can result in secondary trauma. 17 Even with high-magnification, angled and high-definition views, it is critical to know the presence and the most frequent location of dehiscence in the carotid artery and Fallopian canals.
Both groups with chronic middle ear disease showed an increased incidence of ICA canal dehiscence larger than 3 mm and an increased incidence of erosion in the canal. Its bony coverage, when present, was also thinner compared to the control group. These findings are important when one considers that the diameter of the tip of the endoscope is 3 mm. Furthermore, any dehiscence of the ICA canal is vulnerable to surgical damage considering the shape and size of the instruments used in otologic surgeries.
In patients with cholesteatoma and concomitant infections, several inflammatory factors are found in the ME. For example, IL-6 affects fibroblast proliferation and osteoblast development, leading to osteofibrosis, bony erosion, tympanosclerotic degeneration and chronic disease. We found a significant difference in the incidence of Fallopian canal dehiscence between the diseased groups and non-diseased control group. These findings suggest inflammatory changes may be involved in the erosion of the bone covering these structures.
We found an increased incidence of ICA canal dehiscence in adults (18 years or older) compared to children in both the diseased and control groups. Wang et al.
2 studied highresolution CT scans of the carotid artery canal from 208 adults who were 50 years or older. They found the incidence of dehiscence in the ICA canal was higher in the group over 50 years of age. The incidence of Fallopian canal dehiscence was also increased in adults compared to children in all three groups. Interestingly, we found a significantly higher incidence of dehiscence in the disease groups compared to the control group when considering adults only. These findings suggest the duration of middle ear inflammation can be an important factor in the development of dehiscence. Choi et al. 16 studied CT scans from 254 patients with middle ear cholesteatoma, and 54% of them revealed Fallopian canal dehiscence with dehiscence larger in size among patients with a history of a long-term inflammatory conditions of the middle ear.
Clinical applicability
The introduction of the endoscope as a tool for middle ear surgery has brought several new possibilities to the surgeon, including the preservation of health tissue and better removal of the pathologic matter, especially in spaces otherwise inaccessible in the temporal bone. 18 Additionally, the use of the endoscope has the advantage of decreasing the surgical trauma of the procedures by providing the possibility of more focused approaches. 19 Moreano et al. 3, 10 reported the incidence of dehiscence in the ICA and Fallopian canals in temporal bones with no middle ear disease. Compared to this study, our data demonstrate a higher incidence of dehiscence in these structures among patients with cholesteatoma and COM. Furthermore, we also observed that the most common location of dehiscence in the ICA and Fallopian canals is in the mesotympanum. Thus, our findings demonstrate the vulnerability of these structures to injuries during transcanal procedures, such as myringotomy, or endoscopic ear surgeries. In endoscopic procedures, the two-dimensional view provided by the endoscope could also increase the chances of such complications.
Conclusion
Our study indicates that the dehiscence in the carotid artery and Fallopian canals is more common in temporal bones ≥18 years 4 (50%)* (P = 0.0047) 27 (38.57%)* (P = 0.0046) 2 (7.41%)
The number in parentheses represents the percentage of the temporal bones that presents dehiscence in the evaluated structures, as compared to the total number of bones presented in each group. *Statistically significant (as compared with the control group).
Dehiscence and middle ear surgery 273 from adults with chronic middle ear disease, suggesting the importance of a scrupulous evaluation of the dehiscence in the ICA and Fallopian canals prior to endoscopic surgery.
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Keypoints
• Inflammatory conditions of the middle ear, such as otitis media or cholesteatoma, may increase the risk of dehiscence of middle ear structure.
• Surgeon must be aware about the higher incidence of internal carotid artery and Fallopian canal dehiscence in cases with chronic middle ear diseases, and perform a pre-operative evaluation before any procedure.
